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levels and became an "organizing principle" in development. [6] In 2016, the Food and Agriculture Organization (FAO) estimated a prevalence of undernourishment being 11.0% globally and 14.4% for the Indian subcontinent. [2] Following the Food Insecurity Experience Scale, severe food insecurity comprises 9.3% globally and 11.1% nationally. [4] Various nutrition and social assistance programs for vulnerable population are operating with varied coverage at national, state, and local levels. [7] For many years, age-adjusted caloric intake was the indicator of choice for the measurement of food security at household level and anthropometric measurement of nutritional status at individual level. Questionnaires to record the coping behavior of people toward food insecurity and scarcity were developed later and were used widely for rapid field-level survey. Per capita caloric intake refers to the quantity of food, not the quality, while questionnaire methods are liable to the interpretation of interviewee and interviewer, and certain terms such as "balanced diet" were found to be difficult to comprehend in resource-constrained settings like India. [8] Inclusion of dietary diversity score to these measurements was suggested to catch the quality issue in food security. [8] The first step to address food security is to identify the vulnerable households. Till date, there is no indicator which can comprehensively assess the household food security (HHFS). As these three indicators assess three different aspects of food security, aggregating them might help in identifying vulnerable households in relation to food security effectively.
In this context, the current study was conducted with the objectives of assessing HHFS, nutrient adequacy, dietary diversity, and nutritional status of under-five children along with their interrelation in the slums of Bankura Municipality, West Bengal.
mateRials and methods

Study design and setting
A community-based, cross-sectional, descriptive study was conducted from 2016 to 2017 among 246 slums in Bankura Municipality area. The Bankura municipality covers the geographic area of the headquarter town of Bankura district and is situated in the south-western part of the state of West Bengal, India. It is habituated by 137,386 people over 19.06 km 2 in 29,807 households over 24 wards. [9, 10] 
Study population, sample size, and sampling technique
Considering the prevalence of food security as 53%, [11] 95% of confidence level, 10% of absolute precision, 15% of nonresponse rate, and adopting design effect of 2, the sample size was calculated as 220, which was rounded up to 240 for this two-stage, 30-cluster survey. All the households (n = 9268) in the 246 slums constituted the sampling frame. In the first stage, thirty slums were selected through probability proportional to size method. A list of households who were residing for 10 years or more in each selected slum was prepared with the help of Anganwadi workers. In the second stage, the selected slum was divided into four arbitrary quadrants, and two households from each quadrant were selected by simple random sampling, so the number of households in each cluster was eight.
Study tools and methods of data collection
After obtaining written informed consent, head of the household or any adult female involved in cooking and purchasing food was approached through house-to-house visit with a predesigned, pretested, semi-structured interview schedule pertaining to the sociodemographics of the family. HHFS was assessed with validated Bengali version of HHFS Scale Short Form. [12, 13] Households that responded negative answers to six items or only a positive answer were designated to have high or marginal food security, households with 2-4 positive answers were classified as with low food security, and those answered 5-6 positive answers were classified to have very low food security. [14] Following the National Sample Survey Organization, monthly per capita expenditure (MPCE) was calculated for food. [15] The respondents were inquired on holding of below poverty line (BPL)/Antyodaya Anna Yojana (AAY) Card, availing of social assistance such as old age or widow or disability pension, [16] and regular utilization of targeted public distribution system (TPDS).
Assessment of nutritional status of children
The eldest under-five child of the household was examined clinically for feature(s) of nutrient deficiency and measured anthropometrically for height/length for age, weight for age, and weight for height/length. They were classified with the Composite Index of Anthropometric Failure (CIAF) [17] into seven subgroups as A -no failure, B -wasting only, C -wasting and underweight, D -wasting, stunting, and underweight, E -stunting and underweight, F -stunting only, and Y -underweight only. These groups were subsequently regrouped as children with no failure, children with single failure (Groups B, F, and Y), and children with multiple failures (Groups C, D, and E) based on the severity. [17] 
Assessment of dietary intake
Individual Dietary Diversity Score (IDDS-16) in last 24 hours was assessed for children aged 6 months or more. It was based on consumption of 16 common food groups like cereals; legumes, nuts & seeds; Dark green leafy vegetables; Vitamin-A rich fruits & vegetables; milk & milk products; fish & sea food etc. IDDS-16 score was categorized as high, medium and low if the individuals consumed >6, 4-5 and <3 food groups respectively in last 24 hours. [18] Dietary survey was conducted for consecutive 3 days with 24-h recall method inquiring on the type and amount of foods consumed including anything consumed outside the household in the preceding 24 h excluding days designated as fast, feast, or festivals. Considering the criteria of the Indian Council of Medical Research, [19] the recommended allowances for a sedentary reference individual were considered as adult consumption unit (ACU) for energy and protein. Accordingly, the total ACUs for energy and protein for the households were calculated, and deficiency or excess consumption of energy and protein per ACU was calculated for each household. Consumption of <90% of ACU was considered as inadequate consumption. Households were categorized as having no inadequacy, inadequacy in one nutrient, and inadequacy in both energy and protein.
The schedule was pretested in a similar slum outside the selected slums. The kappa and adjusted kappa for all items of the HHFS questionnaire were >0.8, and Cronbach's alpha of the questionnaire was 0.82, showing good internal consistency. [11] 
Data management
The data were codified and double entered in an MS Excel spreadsheet and checked for consistency. The proportion of different grades of HHFS, dietary diversity, nutrient adequacy, and CIAF was expressed in percentage, and binary logistic regression analysis was done to examine the association between HHFS and other correlates after adjustment for clustering. For this purpose, households with low and very low food security were considered as having food insecurity and those with high/marginal food security were considered as households with food security. A Composite Index of Food Scarcity (CIFS) was created comprising of HHFS, nutrient adequacy, and IDDS-16. High/marginal food security, no inadequacy of nutrients, and dietary intake of ≥6 food groups were given a score of "0," whereas very low food security, inadequacies of both energy and protein, and dietary consumption of ≤3 food groups received a score of "2," and mild-to-moderate grades in those indicators were given the score of "1." Scores of the individual variables were added up to get the total score of the index. Cluster analysis was done to examine the conglomeration of categories of HHFS, nutrient adequacy, and dietary diversity according to the different grades of anthropometric failure. The association between CIFS and CIAF was examined with Chi-square test for trend.
Ethics
Ethical clearance was obtained from the institutional ethics committee of the concerned medical college along with written permission from the appropriate authorities such as Bankura Municipality and Child Development Project Officer, Bankura, West Bengal.
Results
A total of 240 households participated in the survey and among them, 190 (79.2%) households had at least one under-five child.
Background characteristics
Overall, 190 (79.2%) families were Hindu by birth and belief and 131 (54.6%) belonged to scheduled caste. Majority (186 [77.5%]) of the families were headed by male members and 77 (32.1%) of them did not attend school, 71 (29.6%) were just literate, and most of them were underemployed or involved in unorganized sector such as rickshaw pulling, daily labor, rolling of handmade cigarettes called "beedis," and as domestic servant.
The average family size was 5.53 (±2.4), and the ratio of total to earning members of households was 3.38 (±1.3). The MPCE for food was Rs. 650 (±33.2) and for nonfood items including health expenses was Rs. 219 (±9.1). Classification tree analysis showed that among those (125 [52.1%]) having MPCE-food ≤Rs. 656, 98 (78.4%) had low/very low food security.
Among the respondents, 168 (70.0%) received commodities under TPDS regularly, BPL/AAY card holding was reported by 185 (77.1%) respondents, and only 16 (6.7%) respondents did receipt of any social assistance in the preceding 3 months.
Among the 190 under-five children, 112 (58.9%) were male; the mean age for male children was 24.9 (±12.7) months and for female children was 36.24 (±11.5) months. Twenty-one children were below 6 months of age. Regarding parental education, 59 (31.1%) fathers and 116 (61.1%) mothers were illiterate or just literate, and 131 (69.0%) mothers were homemaker.
Extent of household food security, nutrient adequacy, dietary diversity, and undernutrition
As summarized in Table 1 , among the 240 households surveyed, 70.9% of households had food insecurity and nearly one-fourth (26.6%) had very low food security. Only 16.2% of the households consumed ≥90% of the recommended amount of energy and protein and more than one-third (36.1%) had deficiency in both. Among 190 under-five children, 60.8% had anthropometric failure including 50 (25.5%) children having multiple failures. Among 169 children aged ≥6 months, dietary diversity was high (≥6 food groups) among 19.3% only, whereas 37.2% had low (≤3 food groups) dietary diversity.
Correlates of household food security
Statistically significant association (P < 0.05) of households with food insecurity was noted with MPCE for food < Rs. 656.00 (adjusted odds ratio [AOR]: 2.50, 95% confidence interval [CI]: was a high correlation between HHFS and nutrient adequacy. Only around one-fifth of the households had optimum dietary diversity. Three in every five under-five children of the study area had anthropometric failure. Lower per capita expenditure in food and irregular utilization of public distribution system were significantly associated with HHFS. Poorer grades of HHFS, nutrient adequacy, and dietary diversity were clustered with multiple anthropometric failures, whereas higher grades of HHFS, dietary diversity, and deficiency in one nutrient were clustered with no anthropometric failure. The newly proposed CIFS was found to have a dose-response relationship with CIAF.
The proportion of HHFS in the slums of Bankura was higher than that reported by Chinnakali et al. from Delhi. [20] However, another study from the slums of Vellore, Tamil Nadu, reported similar figure, while an earlier study in the slums of Delhi depicted a much better scenario, [21, 22] although different experiential food security questionnaires were used in these studies. Using the same questionnaire, Mukhopadhyay et al. found slightly higher proportion of food security. [11] The proportion of households not having nutrient adequacy in either protein or energy was higher in the present study when compared to the earlier studies in different parts of West Bengal, although the cutoffs used were different in different studies. [23] [24] [25] The proportion of slum-dwelling children with anthropometric failures was comparable with that of tribal children in Bankura, but the proportion of multiple failures was almost double among the tribal children as reported by Mukhopadhyay and Biswas. [26] However, two earlier studies among slum children in India reported much higher prevalence of anthropometric failures including multiple failures. [27, 28] Households with lower MPCE for food, irregular utilization of TPDS, and presence of under-five children were found to have an increased risk of experiential household food insecurity. Higher proportion of households with food insecurity was 1.50-4.16) and irregular utilization of TPDS (AOR: 2.79, 95% CI: 1.41-5.50) in cluster-adjusted binary logistic regression. The prevalence of food insecurity was higher in households having under-five children (72.1%), those possessing BPL/ AAY card (70.3%), and those availing social assistance scheme (87.5%) compared to households without those characteristics. The Hosmer and Lemeshow test (χ 2 = 9.37, P = 0.928) proved the regression model fit of the data well [ Table 2 ].
On bivariate correlation, HHFS was revealed to have statistically significant positive correlation with IDDS-16 (ρ = 0.16, P = 0.01) and nutrient adequacy (ρ = 0.70, P < 0.001) and negatively correlated with CIAF (ρ = −0.14, P = 0.03).
It was noted in cluster analysis [ Table 3 ] that in cluster-1, among the under-five children with no anthropometric failure, failure, majority, had high dietary diversity, high/marginal food security in households and inadequacy in intake of only one nutrient. On the other hand, in the severe most group in the spectrum consisting of children with multiple anthropometric failures, majority were found to have low dietary diversity, very low food security, and inadequacy of both energy and protein.
The Chi-square test for linear trend showed significant dose-response relationship between CIFS and CIAF [ Table 4 ].
discussion
The present study intended to assess the extent of food stress using three indicators namely experiential HHFS, nutrient adequacy, and dietary diversity as well as to examine whether aggregating these three indicators could help in identifying vulnerable households in relation to food security more effectively in the slums of Bankura Municipality, West Bengal.
As per experiential questionnaire method, less than one-third of the households of the slums had food security. While assessing nutrient adequacy, it was found that substantial majority of the households had deficient intake of either or both of energy and protein compared to the recommended allowances. There [11] as well as Chinnakali et al. [20] and Gopichandran et al. [21] from North and South India, respectively.
Coates et al. found that insufficient quantity, inadequate quality, uncertainty, worry, and lack of acceptability are universal experiences of household food insecurity. [29] As noted by the FAO, despite our in-depth theoretical understanding, no perfect single measure exists that captures all aspects of food insecurity. [30, 31] Sethi et al. noted that questionnaires to record the coping behaviors of people to food stress, although used widely, have some limitations due to misinterpretation of some phrases or words. [8] They also expressed major concern on the items related to "food quality" and therefore stressed on establishing external validity of experience-based HHFS scales. [8] They suggested that addition of relevant indicators such as dietary diversity score may help to understand the access to food and nutrient adequacy. [8] On the other hand, measures of consumption such as nutrient adequacy and dietary diversity focused primarily on the quantity and quality of food but not on the other attributes such as certainty and acceptability, which are psychosocial in nature. [32] Experiential food security scale might help in assessing those attributes. [6] The critical importance of the choice of indicators lies here, and multiple indicators can more accurately and reliably measure the level of food insecurity and can identify the vulnerable households. [31] Hence, in the present study, a composite index comprising of experience-based HHFS, nutrient adequacy, and dietary diversity was proposed based on cluster analysis. It was noted that the composite index showed dose-response relationship with the CIAF.
Strengths and limitations of the study
On theoretical construct, the new index "CIFS," framed in the current study covered the aspects of quantity, quality, uncertainty, and acceptability of food. As seen in the present study, it might help in identifying the vulnerable households having children with anthropometric failures effectively. The present study was conducted in a slum population of a small town; hence, external validity is subject to new research. As the methods of eliciting all the three indicators depended on recall, recall bias may creep in the findings.
conclusions
The scenario of HHFS was dismal in the slums of Bankura Municipality, West Bengal, irrespective of the measurement tools, be it questionnaire method or assessment of dietary intake of nutrients. A significant interrelation between HHFS, nutrient adequacy, and dietary diversity was also noted. More than half of the children had anthropometric failures and almost one-fourth had multiple failures. Children with multiple failures clustered in the households which had deficiencies in two or more indicators among HHFS, nutrient adequacy, and dietary diversity. The "Composite Index of Food Scarcity," comprising of HHFS, nutrient adequacy, and dietary diversity, was found to have a significant dose-response relationship with anthropometric failure of under-five children. Aggregating three indicators to assess the different facets of food security and subsequent development of a cutoff score may lead to its wider application in research and policy.
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